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Field of the Invention 

5 

The present invention relates to a semiconductor laser 
diode; and, more particularly to a sampled-grating distributed 
feedback laser diode capable of tuning a wavelength of a light 
beam generated therefrom widely by using the characteristics 
10 of sampled-grating. 

Description of Related Art 



With a drastic increase of the amount of information 
15 transmitted through a communication, an optical signal 
transmission using a wavelength division multiplexing method 
is widely used for increasing the amount of information 
transmission. The method transmits optical signals at 

different wavelengths (channels) through an optical fiber by 
20 using incoherence between optical waves having a color 
different from each other, thereby increasing the transmission 
capacity. The optical signal transmission using the 

wavelength division multiplexing method has an advantage of 
securing the extendibility and flexibility of an optical 
25 communication system. In order to transmit the optical signal 
transmission of the wavelength division multiplexing method, a 
laser diode should have a fixed wavelength belonging to ITU 
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wavelength grids or a laser diode is required to exhibit 
wavelength tuning characteristics. 

A wavelength tunable laser diode has various advantages 
of reducing the number of backup light sources to maintain and 
5 repair the system as well as to supply the wavelength 
dynamically, and simplifying the network control software. In 
this result, the wavelength tunable laser diode has been 
recognized as a necessary device in all application fields 
from a subscriber network to a long distance network. 

10 The wavelength tunable laser diode is required to have a 

high power, i.e., being larger than 10 mW, to be tunable to 
all wavelengths larger than 32 nm of C-band, to exhibit a 
rapid wavelength tuning, i.e., faster than 10 ns, to perform a 
high speed direct modulation, i.e., faster than 2.5 Gbps and 

15 to be produced in commercial quantity. 

Typical wavelength tunable laser diodes developed or 
proposed up to now are a sampled-grating distribution Bragg 
reflector SG-DBR laser diode, a super-structure grating 
distributed Bragg reflector SSG-DBR laser diode, a grating- 

20 assisted co-directional coupler with sampled grating reflector 
GCSR or the like. 

With reference to the accompanying drawings, various 
conventional wavelength tunable laser diodes are described 
hereinafter . 

25 Figs. 1A and IB are a schematic block diagram 

illustrating a structure and a control circuit of a sampled- 
grating distribution reflection semiconductor laser diode SG- 
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DBR described in U.S. patent 4,896,325. 

As shown in Fig. 1A, the SG-DBR laser diode consists of 4 
regions, i.e., a pair of SB-DBR regions 11, 14 at both ends of 
the laser diode for tuning an optical wave emitted from the 
5 SG-DBR laser diode, a gain region 12 for generating the 
optical wave and a phase control region 13. And, in order to 
vary the wavelength of the laser emitted from the SG-DBR laser 
diode, external control circuits such as a Vernier control 
circuit 17 for a continuous wavelength tuning, an offset 

10 control circuit 18 for a discontinuous wavelength movement, a 
phase control circuit 16 of the phase control region 13 and a 
gain control circuit 15 or the like are required. 

The basic operation principle of the SG-DBR laser diode 
is as follows. If a current is applied to the gain region 12, 

15 the laser diode oscillates at a specific wavelength at which 
the reflection peaks of two SG-DBR are aligned. 

In the SG-DBR region shown in Fig. 1A, the sampled- 
grating structure is formed as shown in Fig. IB. The 
reflection spectrum of the SG-DBR is shown in Fig. 1C. The 

20 wavelength of the central peak in the reflection spectrum is 
Bragg wavelength (>. B ) determined by the diffraction grating 
period (a) and the distance between the wavelengths 
corresponding to the adjacent peaks is determined by the 
period (Z) of the sampled-grating . That is, the laser diode 

25 oscillates at the wavelength corresponding to one selected 
from the peaks of the reflection spectrums in the SG-DBR 
regions 11, 14 by integrating the SG-DBR regions 11, 14 having 
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a period different from each other on the both ends. 

And, each of the peaks of the reflection spectrum is 
moved with maintaining the distance between the wavelengths by 
changing the refractive index of the SG-DBR regions 11 , 14 by 
5 a current or the like. The lasing wavelength can be tuned by 
varying the wavelength at which the reflection peaks from the 
two SG-DBR' s are aligned by the movement of the reflection 
peaks. The phase control region 13 can vary the wavelength 
continuously by controlling the longitudinal mode spacing of 

10 the gain region 12 generated by the SG-DBR or play a role in 
maximizing the power by aligning the longitudinal mode to the 
reflection peak. By this principle, the continuous/ 

discontinuous wavelength tuning is obtained by appropriately 
controlling the refractive index of the SG-DBR regions 11, 14 

15 and the phase control region 13 by the current. 

However, in such an SG-DBR laser diode, there is a 
structural limit that the external circuit becomes complex to 
control this device and the optical efficiency of the output 
is reduced by the loss generated in the SG-DBR. 

20 In order to overcome the above-described problems, 

however, integrating a semiconductor optical amplifier SOA 
onto the laser diode has been actively developed. 

Fig. 2A is a concept diagram illustrating a super - 
structure grating distributed Bragg reflector SSG-DBR laser 

25 diode in which the grating period is periodically modulated, 
hence making it possible to tune the wavelength. Fig. 2B is a 
schematic diagram representing the reflection spectrum by the 
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diffraction grating shown in Fig. 2A. Hereinafter, another 
typical SSG-DBR laser diode as a wavelength tuning laser diode 
is described with reference to Fig. 2A and Fig. 2B. 

The SSG-DBR laser diode is disclosed in U.S. Patent 
5 5,325,392. Basically, the SSG-DBR laser diode is operated 
similarly to the SG-DBR shown in Figs. 1A, IB and 1C in 
structure and principle. That is, the SSG-DBR regions take 
the place of the SG-DBR region shown in Figs. 1A, IB and 1C. 

As shown in Fig. 2A, the period of the reflection grating 

10 provided for tuning the wavelength is periodically modulated 
in space. By the spatial modulation of the grating, the 
reflection spectrum has the characteristics shown in Fig. 2B. 
The distance between the adjacent reflection peaks is 
determined by the period (Z) and the size of each of the 

15 reflection peaks is determined by the spatial modulation of 
the diffraction grating. 

However, although the SSG-DBR laser diode shows a wide 
wavelength tuning and emits a relatively constant output power 
in response to the variation of the wavelength, the SSG-DBR 

20 laser diode generates a loss in the SSG-DBR regions similarly 
to the SG-DBR laser diode and exhibits a number of problems 
having a number of difficulties in manufacturing due to the 
complex diffraction grating structure: 

The conventional wavelength tunable laser diodes except 

25 for the above-described wavelength tunable laser diodes are 
GCSR laser diode and a wavelength tunable twin-guide laser 
diode or the like. But, such kinds of laser diodes have a 
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shortcoming in manufacturing and ' mass production since a 
number of re-growths and etchings are involved in 
manufacturing the laser diode. 

Accordingly, the conventional wavelength tunable laser 
5 diodes have a number of points to be improved in terms of 
simple fabrication, emission efficiency of the output thereof 
or simple wavelength tuning control. 

Summary of the Invention 

10 

It is, therefore, an object of the present invention to 
provide a SG-DFB laser diode having a high output optical 
efficiency in comparison with the conventional wavelength 
tunable lasers provided with Bragg reflection ends at the both 

15 ends of the gain region for the wavelength tuning as a 
structure capable of connecting an optical fiber directly 
without losing the optical wave generated at the gain region, 
controlling a broad band wavelength (larger than 30 nm) with a 
simple circuit construction and being manufactured by the 

20 manufacturing process of a conventional wavelength tunable 
laser diode without reinvesting a new equipment. 

In accordance with an aspect of the present invention, 
there is provided a tunable sampled-grating distributed 
feedback laser diode provided with a first gain region and a 

25 second gain region adjacent to each other, including: a first 
SG-DFB structure member formed thereon a first phase control 
region between first sampled-gratings and the first sampled- 
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gratings having a first period formed on the first gain 
region; and a second SG-DFB structure member formed thereon a 
second phase control region between second sampled-gratings 
and the second sampled-gratings having a second period formed 
5 on the second gain region, wherein the tunable sampled-grating 
distributed feedback laser diode tunes the wavelength of laser 
generated in response to a reflection change of the first and 
the second phase control regions. 

In accordance with another aspect of the present 

10 invention, there is provided a tunable sampled-grating 
distributed feedback laser diode for tuning a wavelength of an 
oscillating laser, including: a substrate provided with a 
first region and a second region adjacent to each other; a 
wave guide layer formed on the first region and the second 

15 region of the substrate; a multiple quantum well active layer 
formed in the wave guide layer by a predetermined distance for 
providing a plurality of phase control regions; a first 
sampled-grating region having a first period and the phase 
control region formed between the sampled-grating; a second 

20 sampled-grating region having a second period and the phase 
control region formed between the sampled-grating; a clad 
layer formed on the wave guide layer; a first phase control 
electrode formed on the clad layer of the first region for 
supplying a current to the phase control region of the first 

25 region; a second phase control electrode formed on the clad 
layer of the second region for supplying a current to the 
phase control region of the second region; a first gain region 
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electrode formed on the clad layer of the first region for 
supplying a current to the wave guide layer except the phase 
control region of the first region; and a second gain region 
electrode formed, on the clad layer of the second region for 
5 supplying a current to the wave guide layer except the phase 
control region of the second region . 

The wavelength of oscillating laser can be vary 
continuously or incontinuously by changing the reflective 
index of the phase control region formed between the sampled- 

10 grating of the first period and the sampled-grating of the 
second period in the SG-DFB laser diode formed as described 
above. In this time, the substrate is an n type InP substrate, 
the wave guide layer is a material such as InGaAsP and the 
upper clad layer is a p type InP* 

15 Preferably, the phase control regions provided in the 

sampled-grating of the first period and the sampled-grating of 
the second period are constructed in such a way that the 
reflective index can be changed by the application of the 
current. And also, an optical modulator or a semiconductor 

20 optical amplifier together with the tunable sampled-grating 
distributed feedback laser diode as described above is 
integrated into a semiconductor substrate for serving as an 
optical communication device. 

25 Brief Description of the Drawings 

The above and other objects and features of the present 
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invention will become apparent from the following description 
of the preferred embodiments given in conjunction with the 
accompanying drawings, in which: 

Fig. 1A is a schematic block diagram illustrating a 
5 sampled-grating distribution reflection semiconductor laser 
diode according to a prior art; • 

Fig. IB is a concept view showing the diffraction grating 
provided in the sampled-grating distribution Bragg reflection 
(SG-DBR) region of the laser diode shown in Fig. 1A; 
10 Fig. 1C is a schematic diagram describing a reflection 

spectrum of the SG-DBR region in the laser diode shown in Fig. 
1A; 

Fig. 2A is a concept diagram illustrating a diffraction 
grating of Bragg reflection portion modulated in grating 
15 period according to another prior art; 

Fig. 2B is a schematic diagram representing the 
reflection spectrum by the diffraction grating shown in Fig. 
2A; 

Fig. 3 is a cross-sectional view showing a widely tunable 
20 sampled-grating distributed feedback laser diode in accordance 
with a first preferred embodiment of the present invention; 

Fig. 4A is a concept view illustrating a diffraction 
grating of a conventional distributed feedback laser diode; 

Fig. 4B is a schematic diagram representing the 
25 reflection spectrum by the diffraction grating of the widely 
tunable sampled-grating distributed feedback laser diode shown 
in Fig. 4A; 
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Fig. 5A is a concept view describing each of the regions 
when the reflective indexes of the phase control regions at a 
first region and a second region are not changed in the widely 
tunable sampled-grating distributed feedback laser diode shown 
5 in Fig. 3; 

Fig. 5B is a concept view describing each of the regions 
when one of the reflective indexes of the phase control 
regions at a first region and a second region is changed in 
the widely tunable sampled-grating distributed feedback laser 
10 diode shown in Fig . 3 ; 

Fig. 5C is a concept view describing each of the regions 
when the reflective index of the first region of the phase 
control region is changed equal to that of the second region 
of the phase control region in the widely tunable sampled- 
15 grating distributed feedback laser diode shown in Fig. 3; 

Fig. 6 is a graph showing the change of oscillation 
wavelength when the reflective indexes of the first region and 
the second region of the phase control region in the widely 
tunable sampled-grating distributed feedback laser diode shown 
20 in Fig. 3 through a computer simulation; 

Fig. 7 is a perspective view illustrating the widely 
tunable sampled-grating distributed feedback laser diode shown 
in Fig. 3; and 

Fig. 8 is a cross-sectional view describing the widely 
25 tunable sampled-grating distributed feedback laser diode in 
accordance a second preferred embodiment of the present 
invention . 
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Detailed Description of the Invention 



A preferred embodiment of the present invention will now 
5 be described with reference to the accompanying drawings so as 
to easily embody the principle of the present invention and to 
easily invent various apparatus within the scope and concept 
of the present invention from the description by the those 
skilled in the art. 
. 10 Following description only exemplifies the principle of 

the present invention. Although the description of the 
principle may not be clear or all possible embodiments of the 
present invention is not illustrated in the specification, 
those skilled in the art can embody the principle of the 
15 present invention and invent various apparatus within the 
scope and concept of the present invention from the 
description. Also, all the conditional terms and embodiments 
described in the specification are intended to make the 
concept of this invention understood, in principle, and the 
20 present invention should be understood not limited to the 
described embodiments or conditions only. 

Fig. 3 is a schematic cross-sectional view showing a 
widely tunable sampled-grating distributed feedback ( SG-DFB) 
laser diode capable of tuning the wavelength of the laser 
25 oscillated in accordance with a first preferred embodiment of 
the present invention. 

Referring to Fig. 3, the major characteristics of the SG- 
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DFB wavelength tunable laser diode in accordance with a 
present invention are as follows: a first and a second phase 
control regions 35A, 35B are inserted into each of a first and 
a second active regions; and a first sampled-grating 34A 
having a first period (ZO) and a second sampled-grating 34B 
having a second period (Z'O) are integrated on a pair of 
different two regions, i.e., of the first region and the 
second region (a first and a second SG-DFB structure members) . 

In accordance with the preferred embodiment of the 
present invention, the SG-DFB laser diode 

continuously/incontinuously tunes the wavelength of the laser 
emitted from the SG-DFB laser diode in a wide region (above 30 
nm) by changing the reflective index of the phase control 
regions 35A, 35B provided. 

The first region (the first SG-DFB structure 
member ) includes a first sampled-grating 34A having the first 
period (ZO) formed on a n type InP substrate 30 serving as a 
lower clad layer; an InGaAsP wave guide layer 32 formed on top 
of the first sampled-grating 34A; a first phase control region 
35A formed inside of the InGaAsP wave guide layer 32 and an 
active layer 33 capable of becoming a multiple quantum well 
structure; and a gain region formed in the InGaAsP wave guide 
layer 32. And, a p type InP clad layer 31 is formed on top of 
the InGaAsP wave-guide layer 32 as an upper clad layer. A 
plurality of electrodes are formed on the p type InP clad 
layer 31, i.e., a first phase control electrode 38A is formed 
on top of the first phase control region 35A and an electrode 
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37A of the first gain region is formed on top of the active 
layer 33 serving as a gain region. 

And also, an n type electrode 39 is formed on the bottom 
of the n type InP clad layer 30 " and an anti-reflection thin 
5 film 36 is formed on both ends of the semiconductor laser 
diode . 

On the other hand, the second region (the second SG-DFB) 
has a structure similar to those of the first region excepting 
that the second phase control region 35B. The second phase 

10 control region 35B is formed between active layers 33 capable 
of the multiple quantum well structure. 

And, the second period (Z'O) of the second sampled- 
grating 34B formed on the bottom of the second region of the 
active layer 33 is differently formed comparing to the first 

15 period (Z0) of the first sampled-grating 34a formed on the 
bottom of the first region of the active layer 33. Also, the 
diffraction period (a) of the first sampled-grating 34A is 
formed identically comparing to that of the second sampled- 
grating 34B . 

20 Here, the gain region of the active layer 33 of the first 

region and the second region and the phase control regions 35A, 
35b can be made of a material such as InGaAsP, and the band 
gaps in the two regions 34A, 34B are different from each other. 
For example, the active layer 33 as the gain region of the 

25 first and the second regions 34A, 34B can be made of InGaAsP 
having 1.55 jam band gap wavelength. The phase control regions 
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35A, 35B can be made of a material InGaAsP having 1.3 |im band 
gap wavelength. 

Fig. 4A is a concept view illustrating a diffraction 
grating of a conventional distributed feedback DFB laser diode 
5 and Fig. 4B is a graph representing the reflection spectrum by 
the diffraction grating of the widely tunable sampled-grating 
distributed feedback laser diode shown in Fig. 4A. At first, 
the operation of the DFB laser diode is described hereinafter 
with reference to Fig. 4A and Fig. 4B. 

10 The gain region of the semiconductor laser generates an 

optical wave by a spontaneous emission caused by a current 
applied from outside. The optical wave has an energy 
distributed over a wide wavelength region with respect to a 
specific wavelength determined by the characteristics of the 

15 medium of the laser diode as a central wavelength. In order 
to generate an optical wave having energy concentrated to a 
specific wavelength, the stimulated emission is required to 
use for generating the optical wave. The stimulated emission 
is generated by the optical wave generated by the spontaneous 

20 emission and the optical wave generated by the stimulated 
emission is generated by the oscillation in the cavity of the 
laser diode. 

The condition of the oscillation is determined by the 
characteristics of the effective reflective index of the laser 
25 diode. That is, the laser diode is oscillated at a wavelength 
having the highest effective reflective index and the laser 
diode is also oscillated in single mode when there is large 
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difference between an effective reflective index of the laser 
diode and an effective reflective index of the wavelength of 
neighboring modes. _ 

Meanwhile, the DFB semiconductor laser diode has a 
5 structure provided with a diffraction grating having a 
constant pitch (a) in the gain region as shown in Fig. 4A. A 
reflection spectrum of the diffraction grating has a large 
reflective index at the Bragg wavelength (X B ) as shown in Fig. 
4B. 

10 And also, if an anti-reflection coating layer is formed 

on the both ends of the region for generating the oscillation 
in the laser diode, the reflection generates only at the 
diffraction grating, and the laser beam oscillates in the 
adjacent of the Bragg wavelength since the effective 

15 reflection efficiency is the highest at the Brag wavelength. 
Here, the Bragg wavelength (X B ) can be obtained from the 
following equation : 

X B =2n g xA Eq. (1) 

20 

Wherein n g is a group of reflective index and a is a 
diffraction grating . Referring to Eq . ( 1 ) , the oscillation 
wavelength of the DFB laser diode is determined by the pitch 
period (a) of the diffraction grating. 
25 On the other hand, the SG-DFB laser diode utilizes the 

sampled-grating formed a diffraction grating by a constant 
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period as shown in Fig. 4a. When the structure of the 
diffraction grating inside of • the cavity becomes the sampled- 
grating as shown in Fig. 3, the laser beams are oscillated at 
adjacent portions of the reflection peaks. Accordingly, the 
5 laser diode can be oscillate as a multi-mode laser, the 
distance between each of the modes generated by the sampled- 
grating equals to the period between the peaks of the 
reflection spectrums and can be calculated by the following 
equation : 

10 

AA = A/ /(2n g x Z) Eq. (2) 



Wherein n g represents a group of reflective index and Z 
represents a period of sampled-grating . The reflective index 

15 of the phase control regions is changed by inserting the phase 
control region between the sampled-grating of the SG-DFB 
♦regions constructed as described above and by controlling the 
amount of the current applied to the phase control regions 
from the outside, thereby changing the phase of the optical 

20 wave passing through the phase control regions. The changes 
of the phases play the role of moving the reflection peak, 
thereby moving the oscillation mode. 

In the present invention, the laser diode is integrated 
with a first SG-DFB and a second SG-DFB structure members 

25 which have different a period of the sampled-grating for 
oscillating the SG-DFB laser diode having the phase control 
region into a single mode. The sampled-grating period of the 
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laser diode of the present invention can be controlled by a 
conventional photolithography method since the sampled-grating 
period of the designed laser diode is larger than several tens 
(am. 

5 The first and the second sampled-gratings 34A and 34B 

formed on the first and the second SG-DFB structure members 
can be manufactured by a conventional manufacturing method 
since the periods (a) of the diffraction gratings are equal to 
each other. 

10 Fig. 5A is a concept view describing each of the regions 

when the reflective indexes of the phase control regions 38A, 
38B at a first region and a second region are not changed in 
the widely tunable sampled-grating distributed feedback laser 
diode shown in Fig. 3. 

15 Fig. 5B is a concept view describing each of the regions 

when one of the reflective indexes of the phase control 
regions 38A, 38B at a first region and a second region is 
changed in the widely tunable sampled-grating distributed 
feedback laser diode shown in Fig. 3. 

20 Fig. 5C is a concept view describing each of the regions 

when the reflective index of the first region 38a of the phase 
control regions 38A, 38B is changed equal to that of the 
second region 38B of the phase control regions 38A, 38B in the 
widely tunable sampled-grating distributed feedback laser 

25 diode shown in Fig. 3. 

The wavelength tuning principle of the laser diode in 
accordance with the preferred embodiment of the present 
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invention is described as follows with reference to Fig. 3, 
Fig. 5A to Fig. 5C. 

Referring to Fig. 5A, since the periods (a) of the 
diffraction gratings of the first SG-DFB structure member and 
the second SG-DFB structure member of the laser diode shown in 
Fig. 3 are equal to each other and the periods (ZO, Z'O) of 
sampled-grating are different from each other, the reflection 
peaks of the first SG-DFB structure member and the second SG- 
DFB structure member are matched only at the Bragg wavelength 
(X B ) . That is, if the laser diode is operated at this status, 
the laser diode is oscillated at the Bragg wavelength (X Q ) in 
a single mode since the laser emitted from the laser diode has 
the highest effective reflective index at the Bragg wavelength 

(A*> ■ 

And then, referring to Fig. 5B, when the reflective index 
of the phase control region 35B provided in the second SG-DFB 
structure member is changed by controlling the amount of 
current flowing the phase control region of the second SG-DFB 
structure member, the peak of the reflection spectrum matched 
at the first SG-DFB structure member and the second SG-DFB 
structure member is matched with the -1 th order reflection 
peak by moving the reflection spectrum, i.e., an oscillation 
spectrum, of the second SG-DFB structure member. 

That is, if the laser diode is operated when the 
operating wavelength is changed in response to the change of 
the wavelength corresponding to the reflection peak, the laser 
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having a wavelength with -1 reflection peak value becomes to 
oscillate . 

At this time, if the reflective index of the phase 
control regions of the second SG-DFB structure member is 
5 changed continuously, the operating wavelength is changed in 
response to the change by continuously varying the 
corresponding reflection peak. If the reflective index of the 
one region of the phase control region is fixed by this method, 
and the reflective index of the other region of the phase 

10 control region is changed, the oscillation wavelength of the 
laser diode in accordance with the preferred embodiment of the 
present invention are varied incontinuously . 

The distance between the tuned oscillation wavelengths is 
changed by the distance between the reflection spectrum peaks 

15 of the structure member having no change of the reflective 
index, here, the structure member is the first SG-DFB 
structure member. The reflective index can be controlled by 
changing the amount of current flowing to the n type electrode 
39 in the first or the second phase control electrodes 38A, 

20 38B. 

Continuously, as referring to Fig. 5, when the reflective 
indexes of each of the structure members are changed to have 
the same in size by varying the amount of current flowing into 
the phase control region 35A of the first SG-DFB structure 
25 member and the phase control region 35B of the second SG-DFB 
structure member, the reflection spectrums of the two 
structure members are moved identically. 



In this result, the wavelength of the corresponding 
reflection peak is changed by the movement of the reflection 
spectrum. Accordingly, the oscillating wavelength is 

continuously changed based on the change of the amount of 
5 current flowing into the phase control regions 35A, 35B of 
each of the structure members. 

And also, it is possible to continuously tune the 
wavelength by applying the offset current to the phase control 
region of one side of structure member; ' changing the 

10 reflective index of the phase control region based on the 
applied result; changing the corresponding wavelength; and 
changing amount of current flowing into the phase control 
region 35A of the first SG-DFB structure member and the phase 
control region 35B of the second SG-DFB structure member. In 

15 this case, the other wavelength except the Bragg wavelength 
can be continuously changed by flowing the current 
asymmetrically at the phase control regions 35A, 35B of the 
two structure members . 

For example, the reflection spectrums of the first SG-DFB 

20 structure member and the second SG-DFB structure member are 
matched at the -1 th order by changing the reflective index of 
phase control region 35B of the second SG-DFB structure member 
by applying the offset current through the phase control 
electrode of the second SB-DFB structure (as shown in Fig. 5B) . 

25 Fig. 6 is a graph showing the change of oscillation 

wavelength when the reflective index of one side of the 
structure members is changed through a computer simulation. 
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Fig. 6 shows one result of computer simulation to identify 
that the wavelength tunable laser diode suggested in the 
present invention as described above has the wavelength 
tunable characteristics by using the operator split-step time- 
domain model proposed in an article by B. S. Kim, Y. Chung, J. 
S. Lee, entitled "An efficient split-step time-domain dynamic 
modeling of DFB/DBR laser diodes", IEEE J. of Quantum 
Electronics, Vol. 36, No. 7, PP. 787-794, Jul. 2000. The 
model is known as an effective model to analyze the DFB-DBR 
laser diode. 

The graph shown in Fig. 6 illustrates the result when the 
periods of the first region and the second region of the 
sampled-gratings 34A, 34B are assumed at 202.5 mm and 192 mm, 
respectively and the overall length of the device is assumed 
at 1,183 mm by taking the number of the sampled-gratings in 
each of the regions as 3. 

Referring to Fig. 6, the oscillation wavelength of the 
laser diode is oscillated by a predetermined space of 2000 GHz, 
i.e., 1.6 nm, in response to the change of the reflective 
index of the phase control region 38B of the second SG-DFB 
structure member due to the amount of current flowing into the 
phase control region 38B of the second SG-DFB structure member, 
it can be identified by the above described Eq. (2) that the 
space of the reflection peaks of the first region is equal to 
the predetermined space. In this result, it can be easily 
predicted that the structure of the SG-DFB laser diode 
disclosed in the present invention is operated well. 
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And also, in accordance to the requirement to the 
wavelength tunable SG-DFB laser diode proposed by the present 
invention, an optical communication device can be implemented 
by integrating an optical modulator or a semiconductor optical 
amplifier together with the tunable SG-DFB laser diode on a 
semiconductor substrate. That is, by applying the signal by 
integrating the electro-absorber region on the output portion 
of the proposed SG-DFB laser diode, the laser diode is 
utilized as a long distance communication optical source by 
minimizing the effect for the frequency chirping. In addition 
to, the laser diode can be utilized as an optical 
communication device having a high output power by integrating 
the optical amplifier. 

Fig. 7 is a perspective view illustrating the widely 
tunable sampled-grating distributed feedback laser diode shown 
in Fig. 3. The reference numerals of the major parts shown in 
Fig. 7 are similar to those shown in Fig. 3 and the reference 
numeral 40 represents an n type InP current cladding layer and 
the reference numeral 41 represents a p type InP current 
cladding layer. 

Fig. 8 is a cross-sectional view describing the widely 
tunable sampled-grating distributed feedback laser diode in 
accordance a second preferred embodiment of the present 
invention. 

In the SG-DFB laser diode, as shown in Fig. 8, the Bragg 
wavelength of the first SG-DFB and the Bragg wavelength of the 
second SG-DFB are formed different from each other by forming 
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the periods (Zl, Z'l) of the diffraction grating of the first 
SG-DFB and the second SG-DFB structure members in the overall 
structure. The operation principle of the SG-DFB laser diode 
shown in Fig. 8 is similar to that of the SG-DFB laser diode 
5 shown in Fig. 3. 

The SG-DFB laser diode of the present invention has a 
high output optical efficiency in comparison with a 
conventional wavelength tunable laser provided with Bragg 
reflection ends at the both ends of the gain region for the 

10 wavelength tuning as a structure capable of connecting an 
optical fiber directly without losing the optical wave 
generated at the gain region. 

And also, the SG-DFB laser diode of the present invention 
can control a broad band wavelength with a simple circuit 

15 construction in comparison with a conventional wavelength 
tunable laser diode since it can vary the wavelength in 
continuous/incontinuous by the change of current of the each 
region of the phase control regions. 

Further, the present invention can be manufactured by the 

20 manufacturing process of a conventional wavelength tunable 
laser diode without reinvesting a new equipment. 

While the present invention has been described with 
respect to certain preferred embodiments, it will be apparent 
to those skilled in the art that various changes and 

25 modifications may be made without departing from the scope of 
the invention as defined in the following claims. 
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